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(57) Abstract: An exposure apparatus, 
wherein an exposure of a substrate 
(P) is carried out by filling at least a 
portion of the space between a projection 
optical system and the substrate (P) with 
a liquid and projecting an image of a 
pattern onto the substrate (P) through 
the projection optical system and the 
liquid, comprises an air-bubble sensor 
(20) for sensing air bubbles in the liquid 
between the projection optical system 
and the substrate (P). Consequently, the 
exposure apparatus enables to suppress 
deterioration of a pattern image caused 
by air bubbles in the liquid when an 
exposure is carried out while filling the 
space between the projection optical 
system and the substrate with the liquid. 
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^->-P S TIZD- K-TSo ifcl^T* 9MICON Tli»«ittSt1 RV 

»#i°Mxgii2«Ki&u &® 5 sizmt z®i*et&Mft*m*it-tz 0 ztnz* 

WftlZ. *JfflMCONT{±&»*2 1 -t«?*ib3t*IMRPI3»UT««*lRl^ 
6 BWf 3 o «!I»M C O N T f ±*& P H®CD Z *b (3 fc It 5 <£M $ L o 

atEPuwura^Aaars (xf'y7S2) 0 

ft*** 2 1 fr6»&PKft**£;h,fcftffl3fcli£fig5 6 K:j»fc£;h.TUaaW*5 

«!K««rta)att5P©a®l3fllJfi1 8ft<#& LTl^«^ % JH>£1 813 

ft*t£j|ifcftm3fcl;fc«a/r*o 8l3^$tife^i±13t©-aJA^SL-rsz 
tTr, il^Ttt^iii^ti^U5iiU7 1 c*^^2 2 B. 2 2CI3A«*L. ZGD&iii 
3 S&SP 2 2 AlZg:lt£tiZ%;&&tfig,T-f2> 0 &ft$l2 2 A. 2 2 
BS7J2 2C(D«aie*li$iJffll^«CON Tl3tB***i N i?MiCONTIi: 

ZZTr, mmMCONTlt. g7fcSP2 2 B N 2 2 C tlZyt<D&&lZ 
•?*#&ftft-e3fc«:»SLr*OT. $iJt3P=£gCONTte N §7t$P2 2B, 2 2C 

a>&ihftmiz&'3i\T. et^cDmi^^^it^ztiz^K). m& 
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Z(D 1 1 . St£ P 0>X Y UfaOGLm* U — tfT^lt 5 5 (DttjFJj^^ "9 

AcDl£g<iMi;:|18TJ-£>'tif$6i;:So"UTs S*£P±l;ufcUTfu£l 8tf#&-r£>{u 
0NTIi3©a?S1 8<D<£Mtf$S£f3m^«MR YKIBITf £ (7fv7S4) 0 
*fc* »Jf»««CO N Tli3lffiPftXtt*-|qII^*Loo»ffiPli*tLT*Ul 

z. ISH^SM R Yizi± N St5PI^L-cmii©/^->|£^:fgjeT-'^ 

««IIOt\TCD«jai 8 ©ft (Ik) l3Ht5 U§ L>ttfcSto W»SI1C 0 N T 
It, IBiS^SMR YIClEH^tLTUS Ull^flUBiix »7&«ai«2 0 lz.J;S» 

^ct. m>^i 8cDa^rj^t^i3ifl-r^ uttNfit^^to^toTfc^s 

tie Tfc;b*>. *J»8ICONTtt % 851SMMR YI^IBtS^ tiTUS^I^ 
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II^tfK IBit^gM R Y I3IB1S LTfi< 0 

E>$1 8 tf±IBU£^^rFT&3h«L7cii^ o£ P CDg&JbSI 
E>£1 8tf±lBL£L^l-:i±T&5£«L£^ N o£9 v fi>£l 8CD#SI3 

i\itm5LP±iz&\i-2>m.fe-\ Q(Di±Lmm$&*m^mw:D s-emm-tzmcDtum* 

'no Uf-v7S7) o 

surra e z\(Dtz. wm^mcoN nt, stsp±©i£ifca>:>a <y tmrns h 
H©a^m>^i 8iz«j; z> - >(D&m£&tfmmz'nt>nts:fr-Dtzi<> 3 v ksi 

USH' £IB1*£lgMR YteBtttr* (^f«y7S8) 0 IMlllTts IfitS 
ilMR YI^IB'fS^ti^fEliao'UT. S»3-y hfHsES H©a^A*d?- 
>(D&m£&tf&V)lZiTt>titet>^ Tzis 3 v h$I*$S H ' IZIOINT , ^CD'&(Dm 

JH&L 1 Y$ft^fp]CD»m^Pl3^UT^l±i^LeA^it^^?>o 

««PA©Jft#Mflttift-e#f*5 0<73iiJ||^a)^tP^lZ«fc0^5 6 (30— SPIdJftf* 
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&2 2iz&yi$ft-f\ #AMVtmtte% 0 mm'&mcou ti*. ^ta^Le©^ 
^*'jsiT^-i.z:h^T:$i>o matt, *?&i*m&mm 1 Wb^©j^@Tribft 

^tfe§o $iJf3Pt£MC0NTIi. §3^2 2 Aa)g^^l3a^t\T. ^BB 5 
6 T^S LT U 5 3 h ^^Hlt 5 I i: T I 5 o 3(D«fcdl3. m,y&&&%s 

H(D^tL^ncDS7 , fc4'!3^^S^t±i^M2 0l3cti>^^ (^S) <D&tii£fT 

Jt+llJllWiCfcva v h«« (TAvsy htiti) SH* ^rlBtt^SM R 
YI3f3*«o ^UT, fi^S^TStx SB«!£«MRYI3iB18Ufc««l3S-3 

mi-*«j5dtTfe«3&«x Wilis m&&te&wi<Dmtem3*mtesz)i4izmi- 

Slis £IH5 6l3#t$g^TtL2>^5 0©#{4I^IH^fci3©»f*:S£*&«aiLx $'J 
HilC O N Tl3«ai©S*dl*i-5o $'J(iPglC 0 N Tli3SStfttii$!it(Dl*fcb 
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ift L fc h £ 1- P L ©«®i»Jl^ftf*:*<H o T L * ^ # x. 6 *l£ 0 

3-5 L7c*§^l3fc. 1 A«g^SP2 2 AKlttUT^Attttttfcfefcfctts 

g#SB2 2 ACDgftfiMRKUt^HTs tftK3fe^P LOD^SiiJCDft^SlJ^©^ 

o*<Dft$si 8*«ai-rsftja*aiS2 o%ia!it*^hi3«t 0s ^5 6 

K:a3UT/f*->te:fWSEK:*£ <K»*»ISrftJS1 8 (D'tf$6£&tB 
7r££>c ^fes »#4»l3ftJS*<?SpiaEUfci«^l*x ft>S(D^tili^mi3So*UT/t 

ftjai3«ai3fe^»*4is^i:i^<t t)S3t*2 2 tiz>it<D&mwmt-f 
^atLTi^ft&fcfctii Lfe^itj^fet^tePi^g UTu*ft>a*«m u^itj 

*^"CliS3tSP 2 2 B s 2 2 C IIg&£;tx3&(D3£jgtf J|&&<Z>-*:. Lfcft 
fetfi&j&LT^&b<Dfr&&P\ZttXLXl\*&(Dfr&&ft&2 2 B, 2 2 COD 

^3tfi^[3^o*L\Tfijgij-ri)z:h ; fe-5j^7:fei.o ^e>i3 N &th9t*&&ytm&p 

KDTffiUZttLlimM-fZZiilZJ: ^ SMB*fc^P LOTS 7 l^ttSf LTl* 
SftJ&l3B8-r*W«*«ai-i-Sz:tt»TtSo »»t*2 1 fr€>0>&di3fca> 
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tTii, *ste»JB»T?tts £«PizttLTYtt#faiz«»MA,£*7Kv 

ClflDHTKv h7 l cl3WLTatSP$:X$fi^(p]lz:^g1-§J;a{3LT : fe,cl:Uo fc£>U 
(is YtfcfrffiiUlffitfa^TKy h3fe^a*5PI3^l*-rS<t5IC:LT J fc«tUo CICDJ: 

ofeifiETfeotfes atspaB©^<Diii«icw-r*Sijaiftai»if^&ff a^i: 

Tt#B.S LTcTJ^ »f-yP ST (Z7t->5 1 ) ±©*TO»JSP*H*-b > 

■y- £ ffl i x § ft^-iz fe p l commm z mwcm -r z. t *. e> tt * « 

Z o Ufett-M»#^>-b>-y-T«#*^UTtt-iBjjfefT-5 t*i:, jSM^PLflD 
&MJIi:m&S0# (^©AJSfeif) t^SMRa tft 1 1 -5 fc* 

tL3^feS«-&lc:lix »^»m»2 0*ttoT«,ft:SP»O*^fe^«:«asraJ;-5 
llUttiUo fefc\ S^X^-fxPST (Z7f-y5 1 ) ±II^l>f#S^ffl 

it/MW^-b >y-(om:i*W}tefomz.-Dis-at^m 2002-1 400 5 

#F^¥1 1-1 6 8 1 ftraiBS 7- 1 1 7 2 3 8-5f&$B. ^Fl¥1 1 

- 2 3 8 6 8 0-*t&$g N &m 2000-9791 6 ^&$6L - 3 2 4 9 

tifcS(Dac^TfFS*tiSRgOI3fcl^T N 3tie>©:£M©ie»c!^£^fflLT* 
*%B^(DS"J(D||^lS|3otxTlIl8^#HSUfeA^lftB^-rSo WTOlft 
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P L CD$fe5SgPG)7fe^m^ 6 OfcSffiPfcCDfBKlliJSttS Otflt^tlT 

*jU6JB»a)WT©BWJli3fet^Tli. £* P fm&Vttt p L a)*^* 

-?6 0 tttftlsT^zmSlZ^^Trnty-tZtf. 2 0 0 2- 1 4 0 0 5-%£t 
«U »H¥1 1-16 8 1 6-9£«k 4*MIS5 7 - 1 1 7 2 3 8-5£«L ^PwW 
1 1 -2 3 8 6 8 0^$S. #^2 0 0 0-9 7 9 1 6^fEx 1$IS*M - 3 2 
4 9 2 3-^&*Bfci:i;:im^£*lTl^cfcofcs Si7f->PST (ZXf-v 

5 1 ) ±<D&mttmtott j p± L<D^m^e oizimirjuto 

S&£*EXIis a*P©®(4«1t«4«ai-r*7*-*^*ai^7 Ofcfli* 
TU*o 7*-*^tttil^7 014. &f£3fc^P LflDtt»|i«P A^^-C^-OD 
MffJ[3^;fr^ftl£l±6*iTU&&W^7 1 fcS3fe*7 2fc&*fU S;*t*7 1 
6»*P±©»f*5 O^LtilPi® (BftiS) l^to^fBj^e.^tti3tL a 
*SltU S*P±TSI*L^^iH7 1 6 (S»3lt) La«ilt*7 2-e»m. 
*JtWS*CONTI±v -7*-*>7,&\)£ t 3kl OOmftZfflm-fZ ££*>IZ. S3fe^ 

7 2<D§* i ci£jjii;:ao*uT. «f^«2P®i-wsa6*pa®cDz«i^iRii333its 

S3fe*7 2tt«»|S«PAfe^7?±X^|q]fl!)^*l**l©ffliJI3, »iK««PA^ 
e»g|ti.fefiL§l3iS^e.tiTt>2,*^ &t^7 1MS3t*7 2l4&i^Ii£P A£ 
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ffiP<D«^fa(D»»fc3fcto£3£#Tf £ 0 7*-*X1*aj5fc7 OCD* 

fiSIZOUTI*. ffilxliWMTS- 3 7 1 4 9^i>fBI-l¥$ffll3lB«^tLTfc0v * 

-2/'ffitt$S«P S T D&fl-LTatfE^x-^P S T©Z7f->5 1 #88) 
&t>^x Z7f-S/"5 1lis "7*-*^«tb^7 0<D^dife*l3acy<ft!lfflI$|fli 

**SW8 1 S^2^W8 2I± X jftlB^J&P L9tm<D^m^6 0 
3-11 L **iTfetK »13fe^ffl#8 1 l±3t**^6 OflD-X^fiHM 

IHfiBltStu I2^$t8 2tt^3R^P6 0flD+X^lfiJffliJl3iB«**LTLxSo 
*fc. »1 ^SP*t8 1 »tfS&2#3agp*r8 2 li, H^TfeE L<D*ttt;RtfafcKP 

ia8[^^-rckoi3, atttPoa^feM+izfc^-ctts ftKmPL*a>Bu 
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Pfc©fffl©B#3fcEL©ft§e©£Ttf»tt:5 0T>t/c£*U attRP±lifeUT» 
ii^ARWf^P A©£T£S5J:5fcffi3E:©tf^fcfcofc£:#s »M! 
^ARMt^50lif1»*f8 1 &T/ff§2 7fc*?«*8 2©^*i^-*l 

a«P±l3teltSS»3tL a(D3feSS(D5-fe*1 3fe^gB*T8 1 ^»2^gp#8 2 

fz&&yt L a li N «E P±©«»3t^* P L ©&&*!*« P A l3B8*t* *i3 «fc a II 
&3£S*lTl^o ft»««PA©^k #I3»»««PAI^LT36«P 

iiCDP.JiO&ttiT'cL a©$fcg&©±T#J«f*5 0 Trlt* tifctfcflST lis 

Ii:6<^ Sn&5&»**8 1 &im>l$I^AR<D>fcf*5 OfciliSUTStSP (tft 

»««pa) izmmytrnT-mmztiZo a*RPfre>©ss»)7fcL awu asjtsn&A 

R©»f*5 0&7jfg2^SP**8 2^il^LT§^^7 2 iCF/fM^^TS^^ *i 
So fHWll-tUix 7 7 0©8£t*7 1 ^e>*ttB^*l7c^ili^L a 
t^%Jh7 2lZ&iti2ti%££. »»IR«ARI±m3£©ttflSI3JBfi6*tiTUSo 
Z©ck-3I3 N 7*-±iX^£ti^7 0©S^7 2©tli^l3So*urs SttiftL a 
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(D&Bm® P A tf»»* ti* «fc o l-fc or 0 > P A &£fc«3tofc E L 

flD&8e(Z>'i>fc < fct— SP4iSa-r*«toli3&oTU%o C:til3ct"9v :7*-*7. 
fctb* 7 0 ld\ g*fc#7 2(Dthi3lZ&^l\X. mVtltE L(7)3fe8S*^{*5 0T>1t 

tthUTl&BJILfctfs SM3te3*gM*8 1 hSf§23fc3*$B*t 8 2 fcfcfcliUtfMB^ 
5&P L©5fe*a»fl!)^*^6 0&Hfc«fc5fc— o<D«tt#5*8M5ti: L«LT 

tRKfcUTtt. mi3t^gP*t8 1 ^7j^2 7 1 e^gp«8 2I±SS*&3^P LtML 
T^ttLTKtt&ftTl^tf. «Kft^*P L<M^*^6 Oh— #TSW-&*1 

±E«1 > *2 3fcW**8 1 s 8 2©«®T35 3»{*&tt® J £±iB3IM* 
3t^SP*t(D»f*:^ttl®ft. 0O5.li«»'fbft! ! aL-CS»»ttfr*ihliJ:»?s 
i«AR(D-M5 0li3feW*t©*«:^ttlSil3MUS< »»««A 
R(Z>Jfctt&«i*SL«< «ci>o 

BI1 Oli. ^»flMA ROD*"* 5 0«Pl;:SL7&1 8 LTUStt^£^-riIl 
Trfei>o HI 1 OloTF-Tctol^. 7*-a*tfc{U&7 0<D«»*7 1 ^6»itS**l 
L a©-5-fex ^1 8l3^7^o^m^L al±tk5L-V>S*/f«:h*^ 
4U5o dtidJ;^ 8 llMaTio ate, gft* 7 2 ll&ftfcfli; 

*c$£g«fls (iST) -?Zo LfetfoTv 7*-t)*&&%i7 Olt, §ft*7 2 
(D&tHzm-l^-C. »3fe*feE L©3feK±lCJBfi£*tife»»««A R©»#5 0 4> 
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RliB^AE L©ifeK±I^J5J6**ix ^iU3tL aligft&E L©&B§©— 

1 ^sb#8 1 (Dt^m (mmztem) nfttLTi^^i sb, m2^gp*t 

8 2©Si C^^ttS) IItt*LT^£Sl?S1 8C, »U t ««P±l3f*»LT 
t^SftfS C^FE^) ^tt. ^©.fcaixlx ft»£i«A R0D^5 0 4"l3ftJS1 8 
ff#4t5*#s "7*-*^«tB*7 0 0)18!«t^7 1 3tP6«tiil**ife»m3teL a 
l±x t^WSf/r^fc^Ux 5^*7 2l3*fr?)7 l 6a (S^*) *mfci!ltZt>\ 
fe3lWi€-©#&&3gflsS-&TS3telR7 2lZ:S7fe^tl3&^a)T L b#RS) % 

KW-&tir^S»»«l*«A R©J«#5 0*©i?H*SP# ©WHS 

«m3feL a<7)^IScp(3DSt>fi1 8 £&&T£>:|ifJ5£T&i>7c#>x fi*5P_t 
fctt*LTl^&*&^S51 ^2^OT8 1 x 8 2 IIf*»LTU««l»1 8 ( 1 

8B, 1 so mmm&A R^m^i-^mws o*>& : m&lt^z 

8 (1 8 A) lZ-D^T&&&-f%Ztti<T*£2> 0 *<Dfztb, &tt}7fcLa© 

7tss±T^tLii\ mmum* r 5 0 ^©n^* e l ©^is^^ofitaii^ 
&-rssc>fii 8 btkih-t zztwcgZo «»8tcoNTit ^ ^t- — ^j^^db 

^7 0«:ffiffiLTa«P©®(4«1ff?84^aiLo-3a^«iS%fT-5o 

*aj^7oii N mRP G>mifcmm*iz&&yiL a^jsttu. B&$fcEL©&s&± 

©x »f*5 O*©^**^©***^ tttii^L a©7feg§cp©^9J«-©W^^^ 
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©>*fc5 0*©R3fc3feE L<Dftmj>ft<DtiLW:\Z&&+Znfa'\ 8 Zti 
tfTtJ, mi*. jfeaMHfeflUfcHT, «&3fcE L©3fe»JSin©(4aii??F«Er 
Sfl&l 8tfSSP©»il:#oT»i*5 0 4>4«»Lrfl^3teE L(D3ttt±l3 
IEMc**i7c9. aMRP^>*q6*^6 Olif*f»Lfc«^Tts 7*-**&tiii&7 
OlZl<£oT. S^3tE L<D%&£XK<D&m.\Ztt-?Z>n.fo'\ 8 #^3fe& E L ©5fc 
fc±l::e«£*ife»?x Sffi P ^Mfcg**^ 6 Oli«-*r 5«rl3. *©fltf&1 8£& 
timit^tSo Lfctf^T. »3fe«L3S«Plia3t^Tx 0!lx.l£>fc{*5 0*&>£ 
atLTUfc»Jfi1 8 3b««it3tEL(7>it8S±^aaEP±liiB***i%t(rlis 7*- 
**&ii}^7 0©tb^liac5t\T»JS1 8*<B3fe^E L©5tBS±^««P±liE 

h'J^^ttG)*^llJS»rSfe«>x £ft*7 2l;ig*£;h,3*tifc©1$iii7 , cL a;?- 
;t^^;t^©7fc$i^Jg I^So'^X, 7*-*^^iU^7 0I±^1 8©&g 
1i$B£#toSC:£#T£5o zzn, fc&ntk&ytL a©^ti^ti©RaSt(4*1» 

g3t*7 2(7)#S3 1 ca5lz:ASt1-^7fe3tJgAM£TL^tii3 , 6L aCDffgftttfrfttit 
fcSlWi^Ofcfcli&L all^f5-r?»g7 , 6^7 2 ©g^gP©IS!«(&«lilWrS 

1f$BlcSUUTs 8 ©fig (fH>S1 8tf#£L£1&aj7 l c©7 , 62§) £#5£f 

ZZttf-CZZo 



£tz. H11 1 li^-f ^dd. SK^SfcP L©^*^e OfcSIEPfcflDMl;: 
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5. &33Slf*:i8l«AGttx «jLtf*tSP©»ttl3#a*f*:5 0(D«ll^>»f*ttia 
811 ©lMW&fc^K:«fc^T±i;?>o BI1 1 Tfttx flti*fl|i*AGtt«!2^ffl 
«8 2>fi«l^fi6**iTfc9s SfcaMRtfA R(7)^5 0 lifg 2 ^SB** 8 2£>S}| 
SlU^tf (Stt) LTUfel> 0 ZO^lZB^T*,. 7*-**l*iiJ*7 OOift 

UT, ftgttilttA RflD-5*a*MfeE L03^4>0ftttraAG(D*fex 

^(D^I-fcU-Tt,. frJf&PglSCONTte. 7*-*X&ih*7 0£&o 
r*ffiP©®(4«««*«mLo-3«^«!.S«:ff ^fcto. 

7 0 (S5t^7 2) ©ai*l3So-l\Tx HffiPflDa^l^BI^E L<D3t8&tp© 

4R**«*UT»a«*A R&mj£a)si*jBi3«i»-r%«p©anai3&«i*sis-r3i: 
sffip^jaas^a-rswizjis mi 2 (a) iz^-r «t a s 

*5P£g*5*-^-vP s ti:d- KLfc»s a^s&BSisrstfriix »f*ttlS 

$s 1 st/*#isiJR(g« 2 4ffi»-r 5 z tx-mfc p±i3*««*A r zmm+z 

fhl 0«7 1 «fc O^itl^L a^a^PHBS|*LooM^SBuCD^)STO 
mtimft*'nr> ZiilZJ: tK 7*-*7ftHJ»7 0 (g&#7 2) (Di±i^l3So* 

t^r> S^P©M7 , £r^cDiiS^¥'j^l-?.z:h*<-eti)o -r&fc^* 
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(Dmmmmzf&mmzte^-Cs mi 2 (b) iz^t^oiz, %i : mmARtf*td 

+ft\ZBmt<tlT\zmi*m®*Gft : fr : &i-Z>^'&, §^7 2\zm-fZ&&9cL 
aOD^jglifET-r^o frJ^pHSCON TI£ N 37 * 7 0 (7)§7t^ 7 

»EP<D&g£»frir^a>^>^i»^ mi 2 

( C ) ii^ij-ji-di;:. ^^AR^+^ic^^^T. gn^smsi tus 

fcZhlZlfcSo ILflDttJBIzasUT. «:*J*7 1 ^e>Stttld*ife^ill7fcL alight 
^7 2lZfllr^<JD*teSI&JSE"CAS**-Sa>T. frJftPilMC O N T l± x 7*-*^«iU* 
7 0 0)S^7 2©fU*l3SUUT. »»f&ttAR#ra/*S*ifcfc*l»rU ft» 

i^i^^ts - utmvjTz&z tmmTZo k^-c. wm&w.c o n t ii s 

HctoTiME L A R + 8«fi|AGf(!D 

S*\ ^7feLa*M7 2^3Pif^(D7 1 6?iJ^T:^7 , 6$t^^t^^>5i!/)^^t-i>Z: 

&7 0fflM*7 1 ^&jSS**tifctt»©1^ili3feL a 1 ~L a 5(75?*,, P 
(Dxy v^EhS*5P <73J§ 9 IllSIt 6 ft/c^U- hSP#5 7 £©H8a>l«t(ia5 813 
^^tifc^iU^L a 31*. tt&^ffiiJffcfcrfcSliTSMfe*? 2 lUdrJtCD&SSJSE 

It^ftfcift^ttTifcoT, 7U- K$PW5 7©±®h»«P©±iShl±BftR)i; 
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A ROJ&ttfcfltftTt*. l*SPi:7U- K9J#5 7 t©IHl3lWBB 5 8 tfmtitZ 

tffcOx ftJ$P£SMCON TW&Jtm7 2<D&*)lZ&'3^Tmyt92m*: 

Sft £ g*£P tS»f-vP S T (Z7t->5 1 ) 
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